In China, phlebotomy practice is mostly executed by nurses instead of phlebotomists. Our hypothesis was that these nurses may lack of knowledge on phlebotomy, especially factors influencing quality of blood samples. This study aims to assess the overall nurses' knowledge on phlebotomy to provide reference for improving blood sampling practice in China. Materials and methods: A survey was conducted involving nurses from 4 regions and 13 hospitals in China. A phlebotomy knowledge questionnaire was designed based on the Clinical and Laboratory Standards Institute H3-A6 guidelines, combining with the situations in China. Descriptive analysis and binary logistic regression analysis were used to analyze the knowledge level and its influencing factors. Results: A total of 3400 questionnaires were distributed and 3077 valid questionnaires were returned, with an effective return rate of 90.5%. The correct rates of patient identification, hand sanitization, patient assessment, tube mixing time, needle disposing location and tube labelling were greater than 90%. However, the correct rates of order of draw (15.5%), definition of an inversion (22.5%), time to release tourniquet (18.5%) and time to change tube (28.5%) were relatively low. Binary logistic regression analysis showed that the correct rates of the aforementioned four questions were mainly related to the regional distribution of the hospitals (P < 0.001).
Introduction
Venous blood sampling is an important procedure affecting laboratory results. It consists of several discrete steps, including patient preparation, collection and handling of blood specimens, and each step is prone to errors. Since laboratory results are the basis for 60 -80% of medical decisions, any error in the phlebotomy process could cause serious consequences (1) . Studies have reported that up to 65% of laboratory errors occurred in the pre-analytical phase, and this phase has been proved difficult to standardize (2) .
The quality of venous blood specimen collected in the pre-analytical phase has a close relationship with knowledge on phlebotomy (3) . Thus, evaluating the phlebotomy knowledge could be the first step in reducing specimen rejection and improving specimen quality. Some European and African studies have shown that healthcare professionals had an inadequate knowledge or imperfect practices of phlebotomy (4) (5) (6) . The correct rates of patient identification, wearing gloves, tourniquet application time, order of draw, mixing of tubes were found to be unacceptably low (4) (5) (6) . A questionnaire survey in Turkey revealed that nurses' awareness of blood sample collection procedures needed to be improved (7) .
In some European countries (the Netherlands, Belgium, Ireland and the United Kingdom) and the United States, venous blood samples are collected by phlebotomist, who have received professional phlebotomy education and practice training (3, 8) . Moreover, a well-documented instruction for phlebotomy is usually available during sampling process in these countries. The Clinical and Laboratory Standards Institute (CLSI) H3-A6 Procedures for the Collection of Diagnostic Blood Specimens by Venipuncture; Approved Standard-Sixth Edition (CLSI H3-A6 guidelines) and World Health Organization (WHO) Guidelines on Drawing Blood: Best Practices in Phlebotomy were two widely used phlebotomy guidelines in European countries (1, 3, 9, 10) .
In China, blood specimen collection is mainly performed by nurses. There is little systematic training on blood specimen quality control in Chinese nursing education (11) . In addition, there are no national guidelines in China and the phlebotomy regulations vary widely among different hospitals (12) . Since laboratories in China have little collaboration with nursing departments, nurses received inadequate guidance from laboratory staff on improving blood specimen quality (11) . Limited literature showed that one of the biggest issues resulting in low-quality blood specimen in China was nurses' inadequate knowledge on blood specimen collection, particularly regarding patient preparation and the sampling phase of blood specimen collection (13) . Therefore, our hypothesis was that Chinese nurses may lack of knowledge on phlebotomy, especially factors influencing quality of blood samples. The survey was carried out to assess the knowledge on venous blood sampling among Chinese clinical nurses in tertiary hospitals, to provide references for improving blood sampling practice in China.
Materials and methods

Study design
A multistage sampling was used in this study. In the first stage, a stratified sampling was used to select 13 Grade A tertiary hospitals (representing the highest level of hospitals in China) from 4 economic regions of China. Specialized hospitals and the hospitals unwilling to participate were excluded. After that, at least four departments (including at least one medical ward and one surgical ward) from each of the 13 hospitals were selected. Finally, a convenience sampling (a specific type of nonprobability sampling method) was used to invite all registered nurses on duty in those selected departments on the investigation day to participate. Nurses were excluded if they held administration positions without direct patient care responsibilities.
A cross-sectional multicentric survey was conducted from November to December 2015 by four research nurses. They were trained together before data collection. The training included the research goals, sampling methods, correct delivery and returning process for the questionnaires. The questionnaires were delivered face to face, and the nurses completed the questionnaires anonymously and returned them to the investigators on the same day. No incentives were offered for participation. This study was approved by the ethics committee of the First Affiliated Hospital, College of Medicine, Zhejiang University, China. Informed consent was obtained from each investigated nurse.
Methods
Based on the CLSI H3-A6 guidelines, combining with the situation in China, a draft questionnaire on knowledge of venous blood sampling was designed (9) . Three nursing experts and two clinical laboratorians who specialize in specimen collection and management were invited to evaluate the content and expression of the questionnaire and revisions were made accordingly. The final version of the questionnaire comprised of two sections: demographic profiles of the nurses, such as age, education, hospital, department, professional title and questions (including single-choice questions, multiple-choice questions, and fill-in the blanks) on knowledge of venous blood sample collection. The latter part consists of issues from pre-sampling phase, sampling phase and post-sampling phase. A missing rate of no greater than 20% in both sections was considered as a valid questionnaire.
Statistical analysis
Frequency, percentage, quartile range, and median were used to describe nurses' characteristics and knowledge level of phlebotomy. The Kolmogorov-Smirnov test was used to assess the normality of distribution of numerical data. Binary logistic regression analysis was conducted to determine the influence factors for the right or wrong mastery on the questions of order of draw, definition of an inversion, time to release tourniquet and time to change tube, using age, education, hospital region, department and professional title as independent variables, and the P-value was calculated by the Wald Chi square test. A P-value less than 0.05 was considered statistically significant. SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
Results
A total of 3400 questionnaires were distributed across 13 hospitals from 4 regions of China (2 hospitals from the northeast region, 3 hospitals from the central region, 4 hospitals from the east region, and 4 hospitals from the west region), and 3077 valid questionnaires were returned, with an effective return rate of 90.5%. The demographic profile of the investigated nurses was shown in Table 1.
Almost all the investigated nurses were aware that patient identification should be confirmed prior to venous blood sampling. However, only 69.7% of the nurses knew what identifiers should be used for identifying a patient and 58.8% of the nurses knew the right procedures to identify a patient who is conscious. In addition, the correct rate of hand sanitization and patient assessment were no less than 95%. The detailed results on phlebotomy knowledge of the pre-sampling phase were shown in Table 2 .
As Table 3 showed, the correct rates on the preferred vein for venipuncture, diameter of disinfec-tion, proper time and approach for mixing tubes were relatively high (more than 85%). Although 78.1% of the nurses knew proper tourniquet application time, the correct rates on the tourniquet releasing time (18.5%) and tourniquet applying location (29.6%) were relatively low. The correct rate of tourniquet releasing time was associated with the regions of hospitals (P < 0.001), compared to the east region, the central region had the highest correct rate (odds ratio, OR = 0.68, 95% CI 0.51 -0.92), followed by northeast region (OR = 0.69, 95% CI 0.53 -0.91), while the west region had the lowest correct rate (OR = 1.32, 95% CI 1.02 -1.71) ( Table 4 ). In addition, around two thirds of the investigated nurses knew that gloves should be worn during phlebotomy, yet only about one third knew the proper time to put on gloves. Furthermore, only 15.5% of the nurses knew the right order of draw during multi-tube sampling ( (Table 4 ). Regarding to the proper time to change tube during multi-tube sampling, the correct rate was 28.5%. Its correct rate was associated with the regions of hospitals (P < 0.001) and age of the nurses (P < 0.001), compared to the east region, the northeast region had a higher correct rate (OR = 0.24, 95% CI 0.19 -0.31); and the older the nurses, the higher the correct rate (OR = 0.96, 95% CI 0.94 -0.99) ( Table 4 ). As to the definition of an inversion, only 22.5% of the nurses knew the correct answer (Table 3 ). Its correct rate was associ-ated with regions of hospitals (P < 0.001) and departments of the nurses (P = 0.001), compared to the east region, the central region had the highest correct rate (OR = 0.49, 95% CI 0.37-0.65), followed by the northeast region (OR = 0.52, 95% CI 0.40 -0.68) and the west region (OR = 0.67, 95% CI 0.54 -0.85), while outpatient and emergency department (OR = 0.61, 95% CI 0.46 -0.82) had a higher correct rate compared to inpatient department ( Table 4 ). The knowledge of mix by inverting times for blood collection tubes was shown in Table 6 . Among all the investigated nurses, 1012 failed to respond to this question, with a missing rate of 32.9%. As Table 6 showed, in four out of six tubes, the medians of responded times of tube inversions were lower than those of recommended times. The correct rates on where to dispose needle, post-venipuncture education and tube labelling were relatively high (more than 85%). However, half of the investigated nurses considered the disposal of the needle after detaching the device with both hands acceptable practice. Around one quarter of the nurses stated that there was no need of documenting the time and person of blood collection. The detailed results on the phlebotomy knowledge in the post-sampling phase were shown in Table 7 .
Fill the number of inversions in the blank for the different tubes respectively
Recommended number of tube inversions
Cai Q. et al. Nurses' knowledge on phlebotomy in China
Discussion
To the best of our knowledge, few surveys were conducted on assessing the knowledge level of phlebotomy in Chinese nurses up to now. In addition, the surveys were conducted more than 5 years ago, and included only one or two hospitals, unable to provide a reliable reference for the overall situation of nurses' knowledge on phlebotomy at present (14, 15) . The level of knowledge on phlebotomy among Chinese nurses was found to be not quite satisfactory. Compared with previous survey in China, some progress had been made in the steps of patient preparation, tourniquet application time and test tube labeling, while the survey also showed that the mastery of some knowledge on venous blood sampling needed to be improved (14, 15) .
A high accuracy of patient identification is crucial to ensure patient safety, and a proper patient identification must rely on at least two independent identifiers. In our survey, the identifiers selected for identifying a patient include bed number (89.5%), and the approaches for identifying include nurses stating a patient's bed number. According to the CLSI H3-A6 guidelines and Joint Commission International requirements, bed number can't be used as an independent identifier for patient identification, due to the fact that it is not a unique index representing a patient (9, 16) . A misidentification could occur if judging only via the bed number and potentially causes serious consequences. Therefore, it is important to select the full name and patient identification number as the identifying variables.
The CLSI H3-A6 guidelines recommend that tourniquet application time should not exceed one minute and tourniquet should be released as soon as possible after the blood begins to flow to prevent spurious variation of several plasma analytes. The correct rate on tourniquet releasing time was low (18.5%) in our survey. A European survey showed that 43.0% of the nurses did not release the tourniquet when the first test tube had blood inflows (4) . It is possible that nurses would not release tourniquet before the blood collection process is completed to avoid vein collapsing. Further studies are needed to explore whether this concern is evidence based or not.
Nonsterile gloves should be worn during sampling phase to prevent the spread of blood-borne pathogens among health-care professionals. As our investigation showed, nearly one third of the nurses were not aware of this requirement. A Kenyan survey showed that more than two-thirds of the nurses did not use a new pair of gloves in phlebotomy, while a European survey also found that more than half of the nurses did not wear gloves correctly during blood collection (4, 5) . Mbah considered this issue could be caused by a limited supply of gloves or a concern that a vein would not be able to feel with gloves on (17) . We thought it was also possible that the nurses did not attach adequate importance on wearing gloves during sampling. Therefore, it is important to promote a routine use of gloves during blood sample collection.
A correct order of draw prevents the sample being contaminated by additives from previous tubes, which could cause an erroneous result. In fact, contamination of blood sample occurred frequently if the correct order of test tubes was not strictly followed (18) . As our investigation showed, only a small proportion of the nurses (15.5%) were aware of the correct order of multi-tube blood sampling whereas most of the nurses (91.9%) in Europe knew the answer (4). One cause of the low correct rate among Chinese nurses on order of draw was related to the fact that no unified standard on order of draw existed in China, while the order taught in different textbooks varied widely (9, 13) . In addition, some studies have pointed out that an incorrect order of draw would not cause contamination when samples were taken under ideal phlebotomy conditions (19) . However, other authors have argued that clinical blood collection was rarely carried out in an ideal condition and therefore it was recommended that phlebotomy should be executed in the order described in the CLSI H3-A6 guidelines (20) . Furthermore, there are many types of vacuum tubes used in phlebotomy, thus it is not easy to keep the right combination order of the tubes in mind. To promote compli-ance with the right order of draw, we recommend the tube manufacturer to label the correct order of draw on the test tubes. Alternatively, the laboratory information system can be improved by adding the correct order of draw into the bar code of information printing system as a reminder.
Proper mixing is important for homogenizing the collected blood with the additives in the test tubes (12) . An inversion means the test tube is inverted up and down for 180 degrees. As the survey showed, few nurses (22.5%) in China were aware of the correct definition of an inversion and the mix by inverting times for most tubes was below the standard. Giving that the Chinese nurses had a misunderstanding on the definition of an inversion, the actual mixing time might be even lower.
One study in Turkey showed that the correct rate of tube mixing after blood collection was 44.1%, while an observation study from Kenya also showed that nearly 90% of the sampling tubes were not properly mixed (5, 7) . Inadequate mixing of blood and anti-coagulations would increase the risk of blood coagulation. There was report showing that China had a high clot rate of rejected specimens for complete blood count testing (77.38%), which could possibly be caused by insufficient mixing (21) . Therefore, it is necessary for nurses to master the correct mixing times of various types of test tubes. Since it is not easy for nurses to remember the correct number of inversions for different blood collection tubes, we recommend manufactures to label the mixing times on the tubes. Adding the mixing times on the bar code of the laboratory information system by hospital information department could be another option.
During blood collection, it is important to allow the tube to fill until the vacuum is exhausted and blood flow ceases. This will ensure there is a correct ratio of blood to additives for tubes that contain additives. In our survey, more than two-thirds of the nurses answered this question incorrectly, which might be related to the fact that nurses were used to judge the blood volume based on personal experience in the past when syringe and needle were commonly used. A Kenya study found that 87% of the volume of the sample was inade-quate (5) . Too high final concentration of the additive may result in pre-analytical errors such as haemolysed sample, changes in cell morphology, prolonged coagulation times (22) . Thus, it is necessary to educate nurses about the importance of correct ratio of blood to additives.
Among the three phases of venous blood sample collection, the mastery of knowledge of the sampling phase was the most unsatisfactory. Compared with knowledge on the venous blood sampling procedure, Chinese nurses knew less on blood specimen quality control, probably because the nurses were more concerned about the phlebotomy procedure instead of quality of blood sample. This may also reflect the inadequacy of phlebotomy training received by Chinese nurses. This result is consistent with the previous findings in China (12, 14) .
The order of draw, definition of an inversion, time to release tourniquet, and time to change tube were the four questions with relative low correct rates, which were mainly influenced by the region of the hospitals as shown in the logistic regression analysis. We assume this might be related to the different policy and training on phlebotomy of the hospitals. It is urgently needed to establish a national guideline for blood collection to enhance the consistency among different hospitals and improve the quality of specimen collected.
There are some limitations in our study. First, the questionnaire for investigation was self-designed without undergoing a thorough reliability and validity test. In addition, some questions had a high missing rate, which might bias our results. It is recommended that a standardized questionnaire would be developed to investigate the mastery of blood sampling knowledge among Chinese nurses in future. Second, our main research aim is to assess nurses' overall knowledge on phlebotomy in tertiary hospitals in China, and in future it is also worthwhile to explore factors influencing knowledge level. Third, considering there is a knowledge-behavior gap, we highly recommend that an observational study of the blood sampling practice among nurses would be conducted in future for further assessing the compliance of phleboto-my with the guidelines. Despite the aforementioned limitations, our survey had a relatively large sample size covering a wide range of regions in China, and the questions addressed in the questionnaire were quite comprehensive. Thus, we believed that this survey provided important baseline data for understanding the status on the mastery of phlebotomy knowledge among the nurses in China.
In conclusion, the mastery of phlebotomy knowledge among Chinese nurses still has much room to improve. Cooperation between the nursing de-partment and the laboratory should be encouraged to develop targeted intervention for Chinese nurses to enhance the mastery of phlebotomy knowledge, particularly in the area of quality control of blood samples.
